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Background—Guidelines have proposed that atrial fibrillation (AF) can occur as an isolated event, particularly when
precipitated by a secondary, or reversible, condition. However, knowledge of long-term AF outcomes after diagnosis
during a secondary precipitant is limited.

Methods and Results—In 1409 Framingham Heart Study participants with new-onset AF, we examined associations between
first-detected AF episodes occurring with and without a secondary precipitant and both long-term AF recurrence and morbidity.
We selected secondary precipitants based on guidelines (surgery, infection, acute myocardial infarction, thyrotoxicosis, acute
alcohol consumption, acute pericardial disease, pulmonary embolism, or other acute pulmonary disease). Among 439 patients
(31%) with AF diagnosed during a secondary precipitant, cardiothoracic surgery (n=131 [30%]), infection (n=102 [23%]),
noncardiothoracic surgery (n=87 [20%]), and acute myocardial infarction (n=78 [18%]) were most common. AF recurred in
544 of 846 eligible individuals without permanent AF (5-, 10-, and 15-year recurrences of 42%, 56%, and 62% with versus 59%,
69%, and 71% without secondary precipitants; multivariable-adjusted hazard ratio, 0.65 [95% confidence interval, 0.54-0.78]).
Stroke risk (n=209/1262 at risk; hazard ratio, 1.13 [95% confidence interval, 0.82—1.57]) and mortality (n=1098/1409 at risk;
hazard ratio, 1.00 [95% confidence interval, 0.87—1.15]) were similar between those with and without secondary precipitants,
although heart failure risk was reduced (n=294/1107 at risk; hazard ratio, 0.74 [95% confidence interval, 0.56-0.97]).

Conclusions—AF recurs in most individuals, including those diagnosed with secondary precipitants. Long-term AF-related stroke
and mortality risks were similar between individuals with and without secondary AF precipitants. Future studies may determine
whether increased arrhythmia surveillance or adherence to general AF management principles in patients with reversible AF
precipitants will reduce morbidity. (Circulation.2015;131:1648-1655. DOI: 10.1161/CIRCULATIONAHA.114.014058.)
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here is widespread recognition that atrial fibrillation (AF) stated that treatment of an underlying reversible precipitant

may recur episodically or be present in a sustained fashion may “terminate the arrhythmia without recurrence,”" although,
after a first-detected episode, yet there exists a prevailing assump- as acknowledged in more recent guidelines, data addressing the
tion that AF may occur as an isolated event without recurrence, long-term follow-up of such patients are incomplete.’

particularly when an acute reversible, or secondary, precipitant
is associated with the episode. Previous consensus guidelines
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There is a need to understand the long-term clinical impli-
cations of AF that occur in the context of secondary precipi-
tants. The distinction as to whether AF is likely to recur after
a particular precipitant has important clinical implications,
because it may affect whether AF is regarded as a chronic
condition and thus whether risks of heart failure, stroke, and
increased mortality typically attributed to AF are applicable
to a specific patient. Perceptions about the likelihood of AF
recurrence may influence how closely patients are monitored
for recurrence and whether general principles of AF man-
agement, such as thromboembolism prophylaxis, are rec-
ommended. Therefore, we sought to determine whether the
long-term risks of both AF recurrence and morbidity differ
according to the presence or absence of potential secondary
AF precipitants in community-dwelling individuals from the
Framingham Heart Study.

Methods

Participants

Participants from the Framingham Heart Study original® and off-
spring* cohorts with first-detected AF between 1949 and 2012 were
eligible for this study (n=1782). We excluded individuals who died
within 30 days of first-detected AF (n=215) in keeping with previ-
ous analyses,>® because we believed that events occurring during this
interval might plausibly be related to the index AF event and because
our aim was to assess the relations between the presence or absence
of secondary AF precipitants and long-term clinical outcomes. We
also excluded individuals with incomplete baseline covariate data
(n=158). A total of 1409 individuals remained eligible for analysis.
The Boston University Medical Center Institutional Review Board
approved the study protocols, and all of the participants signed con-
sent forms at each examination cycle.

Assessment of First-Detected AF

At each Framingham Heart Study clinic examination (approximately
every 2 years for the original cohort and every 4 to 8 years for the off-
spring cohort), participant medical histories, physical examinations,
and ECGs were obtained to assess symptoms and findings suggestive
of cardiovascular disease. Records of all interim outpatient appoint-
ments and hospitalizations for cardiovascular disease were sought
for manual review by mailings and telephone calls via health history
updates every 24 months. Participants were classified as having AF
if the arrhythmia was present on an ECG obtained at a Framingham
Heart Study clinic visit or encounter with an external clinician, Holter
monitoring, or noted in hospital records, as described previously.”$

Study investigators reviewed all of the available records, regardless
of symptoms, to determine the dates of AF. During ascertainment of
each first-detected AF episode, clinical records were reviewed and a
standardized form was completed to capture potential precipitants of
the first-detected episode. Two physicians adjudicated first-detected
AF events and precipitants, and at least 1 cardiologist adjudicated
subsequent encounters (see below).

Definition of Secondary AF

We defined precipitants of the initial AF event as secondary if the
adjudicated precipitant included a potentially reversible factor,
as outlined in American Heart Association/American College of
Cardiology/Heart Rhythm Society guidelines.'? Secondary precipi-
tants included surgery (within 30 days, which we subdivided into
cardiothoracic and noncardiothoracic), acute myocardial infarction
(within 30 days), acute infection (including but not restricted to sep-
sis, nonpulmonary infections, pneumonia, bronchitis, and chronic
obstructive lung disease exacerbation), acute alcohol consumption,
thyrotoxicosis, acute pericardial disease (pericarditis or tamponade),
acute pulmonary embolism, and other acute pulmonary pathology
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(eg, pneumothorax and bronchoscopy related). If individuals had
more than 1 precipitant, we designated a main precipitant in a hierar-
chical fashion using the following sequence: cardiothoracic surgery,
noncardiothoracic surgery, acute myocardial infarction, acute infec-
tion, and other precipitants.

Ascertainment of Covariates, Recurrent AF, Heart
Failure, Stroke, and Death

Baseline characteristics were ascertained from study examinations,
with the exception of AF precipitant, age, and medical therapy asso-
ciated with the first-detected episode. We included characteristics
from the closest examination within 10 years before first-detected
AF (median, 1.56 years [25" percentile, 0.54; 75% percentile, 3.32]).
Treatment with antiarrhythmic medications, antiplatelet agents,
and anticoagulants was ascertained at the first-detected AF episode
and each subsequent physician encounter with a cardiac rhythm
assessment.

After first-detected AF, we reviewed subsequent study visits and
external healthcare encounters (outpatient and hospital) for evidence
of AF. If the cardiac rhythm remained stable during a hospitalization,
only 1 ECG was coded. If the rhythm varied during a hospitaliza-
tion, the first episode of AF, first episode of sinus rhythm, and final
cardiac rhythm were recorded. We classified cardioversion attempts
as unsuccessful when AF was noted within 24 hours of the cardiover-
sion attempt or when it was described as unsuccessful in the medi-
cal chart. Otherwise, we classified cardioversions as successful. A
panel of 3 study investigators adjudicated strokes and heart failure
events using published criteria.’ For strokes (including ischemic or
hemorrhagic cerebral infarctions), the panel included a neurologist.
Additional details regarding data ascertainment are in the online-only
Data Supplement. Participants in our analysis were followed through
2012, to their last examination, health history update, or death.

Derivation of Clinical Outcome Risk Pools

Because we excluded individuals with an outcome condition pres-
ent at AF onset, the number of individuals at risk for each clinical
outcome varied (AF recurrence, heart failure, stroke, and mortality;
Figure I in the online-only Data Supplement). For analyses of recur-
rent AF, we omitted individuals in a hierarchical fashion as follows:
1) those with sustained (permanent) AF (n=396) because they were
not at risk for AF recurrence (defined as AF without any intercurrent
sinus rhythm or successful cardioversion after first-detected AF), 2)
those with only 1 ECG (n=88) or <30 days between the first and last
ECG (n=45) in whom we were unable to assess for long-term AF
recurrence, and 3) those who died or were last contacted within 30
days of sinus rhythm after initial AF (n=34) to ensure that restoration
of sinus rhythm and a potential subsequent recurrence of AF were not
associated with a terminal illness. For analyses of incident heart fail-
ure and stroke, we omitted individuals with a history of the respective
conditions at or within 30 days of first-detected AF (n=302 for heart
failure and n=147 for stroke).

Statistical Analysis

After first-detected AF, we estimated the cumulative incidence of
AF recurrence, heart failure, stroke, or death using the Kaplan-Meier
method. AF recurrence was defined as the first recurrent AF epi-
sode. We adjusted for the competing risk of death for analyses of
AF recurrence, heart failure, and stroke.!® We stratified estimates by
the presence or absence of secondary AF precipitants. For analyses
of heart failure, stroke, and death, person-time began 30 days after
first-detected AF. For analyses of AF recurrence, person-time began
30 days after the first documented sinus rhythm (including successful
cardioversion) after first-detected AF and ended at the first recurrent
AF episode. Follow-up was censored at last contact for all of the anal-
yses, as well as at death for analyses of AF recurrence, heart failure,
and stroke. We assessed the multivariable-adjusted relations between
secondary AF and each outcome using proportional hazards regres-
sion from which we report the hazard ratio (HR) and 95% confidence
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interval (CI). We adjusted for covariates associated with AF, including
age, sex, height, weight, systolic and diastolic blood pressure, treat-
ment with antihypertensive medication, current smoking, diabetes
mellitus, previous myocardial infarction, previous heart failure, and
valvular heart disease.'"'> To account for potential secular differences
in AF detection, comorbidities, and treatments, we also adjusted for
calendar year of AF detection and Framingham cohort (original or
offspring). In additional models, we adjusted for baseline cardiover-
sions (occurring before the beginning of person-time) and antiar-
rhythmic drug therapy during follow-up as a time-varying covariate.
In analyses of stroke and mortality, we also adjusted for antiplatelet
and anticoagulant use as time-varying covariates. Proportional haz-
ards assumptions were verified with multiplicative interaction terms
between covariates and the natural logarithm of follow-up time.

In addition, we estimated the cumulative incidence of recurrent
AF according to the secondary AF precipitant categories outlined
above. We compared cumulative incidences of recurrent AF across
categories using the Gray test'* and examined multivariable-adjusted
relations using proportional hazards regression with cardiothoracic
surgery as the referent precipitant.

Secondary Analyses

In secondary analyses we explored the associations between various
factors and recurrent AF among participants with secondary precipi-
tants using multivariable proportional hazards regression. In sensitiv-
ity analyses, we included individuals with atrial flutter (n=121; see
the online-only Data Supplement for ascertainment details).

For all of the analyses, the a priori significance threshold was
P<0.05 using 2-sided tests. Analyses were conducted using SAS ver-
sion 9.3 for Windows (SAS Institute, Cary, NC).

Results

Among the 1409 participants with first-detected AF eligible
for analysis, the mean+SD age was 74+11 years, 681 (48%)
were women, and 439 (31%) had at least 1 secondary AF
precipitant (Table 1). Among participants with a secondary
precipitant, 294 (67%) had 1 and 145 (33%) had at least 2 pre-
cipitants (Table I in the online-only Data Supplement). Recent
cardiothoracic surgery (n=131 [30%]), acute infection (n=102
[23%]), noncardiothoracic surgery (n=87 [20%]), and acute
myocardial infarction (n=78 [18%]) were the most common
secondary precipitants. The median (25", 75" percentiles)
follow-up among the 1409 participants in the analysis was
5.4 (2.3, 10.1) years. During follow-up, the median number
of ECGs per person-year after first-detected AF was 0.6 (0.3,
1.5) in individuals with a secondary precipitant and 0.9 (0.5,
1.8) in those without.

Among the 846 individuals without permanent AF who
were eligible for analyses of AF recurrence, 325 (38%) had
a first-detected AF episode attributed to a secondary precipi-
tant. Recurrent AF occurred in 544 individuals. The 5-, 10-,
and 15-year cumulative incidences of recurrent AF were 42%,
56%, and 62% among participants with a secondary AF pre-
cipitant, in contrast to 59%, 69%, and 71% among participants
without a secondary AF precipitant (Figure 1). In individu-
als with recurrent AF, 323 (59%) of the recurrences occurred
within 2.5 years of the first-detected AF episode. Secondary
AF precipitants were associated with a reduced risk of AF
recurrence compared with nonsecondary AF, and the magni-
tude of association was not substantively altered by adjust-
ment for clinical AF risk factors, cardioversion at baseline, or
time-varying antiarrhythmic drug use (multivariable-adjusted
HR, 0.65 [95% CI, 0.54-0.78]; P<0.0001; Table 2).

To explore whether the risk of recurrent AF varied with differ-
ent secondary AF precipitants, we classified the 325 participants
with a secondary precipitant eligible for AF recurrence analy-
ses into the following categories: cardiothoracic surgery (n=118
[36%]), noncardiothoracic surgery (n=69 [21%]), acute myo-
cardial infarction (n=56 [17%]), acute infection (n=54 [17%]),
and other (n=28 [9%]). The crude proportions of AF recurrence
ranged from 47% to 68% across the secondary AF precipitant
subgroups. Relative to cardiothoracic surgery, other secondary
precipitants were associated with a 2-fold increased hazard for
recurrent AF (HR, 1.99 [95% CI, 1.41-2.79]; P<0.001; Table 3).
Additional factors associated with recurrent AF in these models
included having higher age at AF onset, weight, and valvular
heart disease (Table II in the online-only Data Supplement).

During follow-up, incident heart failure occurred in 294
(27%) of 1107 individuals at risk, incident strokes in 209
(17%) of 1262 at risk, and death in 1098 (78%) of 1409 par-
ticipants included in the analysis (Table 2). Approximately
one-third of individuals in each of the risk pools for heart
failure, stroke, and mortality had a secondary AF precipitant.
The cumulative incidences of heart failure, stroke, and death
are displayed in Figure 2. In multivariable models adjusted
for clinical risk factors, cardioversions, and antiarrhythmic
drug use, we observed a significantly reduced risk of incident
heart failure among individuals with a secondary AF precipi-
tant relative to those without (HR, 0.74 [95% CI, 0.56-0.97];
P=0.03). We did not observe an association between second-
ary AF precipitants and the risk of stroke (HR, 1.13 [95% CI,
0.82-1.57]; P=0.45) or death (HR, 1.09 [95% CI, 0.79-1.50];
P=0.79) or death (HR, 1.00 [95% CI, 0.87-1.15]; P=0.98;
Table 2) in multivariable-adjusted models in which we addi-
tionally adjusted for antithrombotic drug use.

In addition to the 1409 individuals included in our analysis,
121 (7.9%) presented with atrial flutter as their initial rhythm
(Table III in the online-only Data Supplement), of which 51
(42%) occurred in the setting of a secondary precipitant. In a
sensitivity analysis, we included participants with atrial flut-
ter and tested the associations between secondary AF precipi-
tants and clinical outcomes (Table IV in the online-only Data
Supplement). The observed associations between secondary
AF precipitants and AF or flutter recurrence, heart failure,
stroke, and mortality did not differ substantively from those in
the sample of participants with AF alone.

Discussion
In our community-based study, approximately one-third of all
incident AF cases were associated with a secondary, or poten-
tially reversible, AF precipitant. The most common second-
ary precipitants were surgery, acute infection, and myocardial
infarction. Although the risk of AF recurrence was greater
among individuals without a secondary precipitant, nearly
two-thirds of individuals in whom initial AF was attributed to
a secondary precipitant had recurrent AF within 15 years. The
associations between secondary precipitants and recurrent AF
were robust to adjustment for a number of widely accepted AF
risk factors, including valvular heart disease. Despite a lower
risk for AF recurrence, long-term risks of stroke and mortal-
ity were similar between those with and without secondary
AF precipitants. The risk of incident heart failure was reduced
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Table 1. Characteristics of 1409 Framingham Heart Study
participants in the analysis.

Secondary AF Precipitant
Absent Present
Characteristic (N=970) (N=439)
Age at initial AF, y 74.3+11.3 73.3+11.0
Women 496 (51) 185 (42)
Height, cm 165+11 165+11
Weight, kg 76+18 76x17
Systolic blood pressure, mmHg 143+24 141+23
Diastolic blood pressure, mmHg 75+13 74+12
Antihypertensive therapy 515 (53) 235 (53)
Cigarette smoking 116 (12) 92 (21)
Diabetes mellitus 141 (15) 81(18)
Valvular heart disease 140 (14) 48 (11)
History of heart failure 203 (21) 99 (23)
History of myocardial infarction 103 (11) 147 (33)
History of stroke 103 (11) 44 (10)
Cardioversion at first-detected AF 161 (17) 139 (32)
Antiarrhythmic drug use at baseline* 255 (26) 184 (42)
Antithrombotic drug use at baseline*t
Any 507 (52) 191 (44)
Anticoagulant 279 (29) 107 (24)
Secondary AF precipitant}
Cardiothoracic surgery - 131 (30)
Noncardiothoracic surgery 87 (20)
Acute infection§ 102 (23)
Acute myocardial infarction - 78 (18)
Other
Pericarditis or tamponade - 12 (3)
Thyrotoxicosis 113
Alcohol intoxication 10(2)
Acute pulmonary embolism - 6(1)
Other acute pulmonary process| - 2 (<1)

Data are displayed as mean=SD or number (%). AF indicates atrial fibrillation.

*Data refer to the use after AF detection but before the onset of calculated
person-time.

1These were defined as an antiplatelet agent (aspirin or thienopyridine) or an
anticoagulant (vitamin K antagonist, factor Xa inhibitor, or thrombin inhibitor).
Data were missing for 84 (6%) of participants.

FThe main precipitant is displayed (see text).

§Pneumonia or bronchitis (n=39) composed 38% of the acute infectious
precipitants.

9|Data include pneumothorax (n=1), and procedure-related (bronchoscopy; n=1).

by =25% among individuals with a secondary AF precipitant
after multivariable adjustment.

Larger series examining the longitudinal course of AF have
often excluded individuals with secondary AF precipitants,
limiting our understanding of the long-term course of AF in
these contexts. Our observation that approximately one-third
of first-detected AF episodes were associated with a second-
ary precipitant is supported by the substantial proportions of
individuals with first-detected AF attributed to cardiac sur-
gery,'* thyroid disease,'*" and acute myocardial infarction'
observed in other series.
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There has been longstanding recognition that AF may recur
after an initial episode, although reported recurrence rates
have varied widely. Previous estimates of AF recurrence range
from 22% to 49% within the first 3 years of detection'™% to
>60% at 5 years of follow-up.' Substantial variability in
AF recurrence rates in these and other reports'*!>"-2" likely
reflects heterogeneity in the sample populations, frequency of
cardiac rhythm assessments, and durations of follow-up.?® Our
community-based findings are consistent with high long-term
risks of AF recurrence reported previously.

Our findings support the high AF recurrence rates associ-
ated with specific secondary AF precipitants reported in sev-
eral studies with shorter follow-up. Some,?** but not all,?'-*
series have reported that AF after cardiac surgery is associated
with an increased risk of subsequent AF. In a single-center
report of 88 individuals with incident AF in the context of non-
ST segment elevation myocardial infarction, 38% had recur-
rent AF at an average of 21 months of follow-up.** A recent
study using Medicare claims data reported that AF recurred in
55% of individuals with new-onset AF in the context of sepsis
at 5 years.” In a single-center study of 58 individuals with
thyrotoxicosis-associated AF, 59% had recurrent AF at an
average of 24 months of follow-up,* whereas a separate retro-
spective series of 106 patients reported that 38% had recurrent
AF at =7 years of follow-up.?” Similarly, substantial rates of
AF recurrence were observed in association with new-onset
AF attributed to alcohol consumption, irrespective of alcohol
abuse during follow-up.?®

Our study has 3 major implications. First, our data sug-
gest that AF occurring in acute care settings is an indicator of
increased future AF risk. Indeed, we observed that recurrent
AF was frequent across common secondary precipitant sub-
groups, despite a lower average risk of AF recurrence among
individuals with a secondary precipitant as compared with
those without. These findings support aforementioned studies
of secondary AF precipitants®333-3% and imply that increased
vigilance for recurrent AF may be warranted in patients with a
first-detected AF episode associated with a secondary AF pre-
cipitant. Reversing an acute AF precipitant may not depend-
ably protect against long-term AF recurrence.

Second, our observations suggest that AF episodes,
irrespective of the precipitant, often serve as markers of
elevated risk for long-term stroke and mortality. Previous
reports have indicated that new-onset AF occurring with
myocardial infarction,® sepsis,* or cardiac surgery*'“? is
associated with increased morbidity relative to individu-
als without AF in these settings. Our findings extend these
observations by demonstrating that long-term risks of
stroke and mortality in individuals with new-onset AF were
similar regardless of the AF precipitant, although we did
observe a lower risk of heart failure in those with a sec-
ondary AF precipitant. The fact that stroke and mortality
occurred with a similar incidence despite a slightly lower
risk of recurrent AF in individuals with secondary precipi-
tants may be explained by the potential underestimation of
recurrent AF in the secondary AF group, differences in spe-
cific preventive therapies, lack of causality between AF and
the clinical event, or lack of causality between the second-
ary precipitant and AF.
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Figure 1. Risk of recurrent atrial fibrillation by presence or absence
of secondary atrial fibrillation precipitants. Cumulative incidence
estimates were adjusted for the competing risk of death.

Third, the substantial long-term risk of recurrent AF in indi-
viduals with secondary AF precipitants suggests that individu-
als with incident AF in the context of an acute precipitant may
have an underlying predisposition to the arrhythmia. A two-hit
hypothesis for AF is supported by an observation that several
common genetic variants associated with AF in the general
population were associated with an increased risk of AF in the
postoperative period after cardiothoracic surgery. It is alter-
natively possible that the high risk of recurrent AF after an
initial episode reflects the propensity for the heart to sustain
AF in the future, perhaps because of remodeling that occurs
with AF* or persistent effects of the acute trigger that may
not fully reverse. Future studies are warranted to determine
whether predisposition to AF differs between individuals with
AF in the context of secondary precipitants and those without.

Evidence-based guidelines are lacking with respect to the
management of patients with AF occurring in the context of
secondary precipitants. For example, the American College of
Chest Physicians proposes discontinuation of anticoagulation
after 30 days of sinus rhythm in patients with postoperative AF
after cardiac surgery if AF is believed to be unlikely to recur,
although no metrics are proposed to determine the likelihood of
AF persistence or recurrence in this population.* In aggregate,
our findings imply that AF occurring in the context of a sec-
ondary precipitant should not be dismissed and that increased
vigilance is warranted given the likelihood of AF recurrence.

Presently, the optimal surveillance and thromboembolism
prophylaxis strategies in patients with secondary AF remain
unclear. Although existing and future health technologies
such as cardiac rhythm monitoring devices may ultimately
be resource effective for AF detection and prevention of
AF-related morbidity, we advocate for prospective examina-
tion of such strategies. In the meantime, we submit that it
is reasonable for patients to be educated regarding potential
signs of AF, such as taking one’s pulse, which data support as
effective for AF detection.**4

Our study has several strengths that distinguish it from
previous reports. The study sample is composed of commu-
nity-dwelling individuals, and data collection was based on
standardized follow-up and routine encounters with health-
care providers. Encounters were systematically reviewed for
evidence of AF, stroke, and heart failure. Our study included
long-term follow-up after first-detected AF, which enabled
us to study the life course of the arrhythmia. We selected AF
precipitants a priori. We accounted for the competing risks
of death when estimating the risks of AF recurrence, heart
failure, and stroke so as not to overestimate cumulative inci-
dences. We fit several multivariable models adjusting for a
range of well-established risk factors for each clinical out-
come, given the potential multifactorial etiology of AF, as well
as each outcome.

Our study should be interpreted in the context of the obser-
vational study design. It is possible that our ascertainment of

Table 2. Risk of Clinical Events Comparing Individuals With and Without a Secondary Atrial Fibrillation Precipitant

Variable Recurrent Atrial Fibrillation Incident Heart Failure Incident Stroke Mortality

No. of events/No. at risk 544/846 294/1107 209/1262 1098/1409
Secondary precipitant, n (%) 325 (38) 340 (31) 395 (31) 439 (31)

Model (referent group is atrial fibrillation HR (95% CI) P HR (95% CI) P HR (95% Cl) P HR (95% CI) P

without a secondary precipitant)

Age, sex, and cohort 0.70 (0.58-0.83)  <0.0001 0.97 (0.75-1.25) 0.81 1.09(0.80-1.48) 0.57 1.08 (0.95-1.24) 0.22
Clinical atrial fibrillation risk factors* 0.70(0.58-0.85) ~ 0.0002  0.79(0.60-1.04) 0.09 1.10(0.80-1.52) 0.56 0.99 (0.86-1.14) 0.67
Clinical atrial fibrillation risk factors, 0.65(0.54-0.78)  <0.0001  0.74(0.56-0.97) 0.03 1.13(0.82-1.57) 0.45 1.01(0.87-1.16) 0.95

baseline cardioversion, and time-varying
antiarrhythmic drug use*

Clinical atrial fibrillation risk factors, - -
baseline cardioversion, and time-

varying antiarrhythmic, antiplatelet, and

anticoagulant drug use*

- 1.09(0.79-1.50) 0.79 1.00 (0.87-1.15) 0.98

Cl indicates confidence interval; and HR, hazard ratio.

*Data include the age at initial atrial fibrillation, sex, cohort, year of first-detected atrial fibrillation, current smoking status, height, weight, hypertension treatment,
systolic blood pressure, diastolic blood pressure, diabetes mellitus, valvular heart disease, prevalent myocardial infarction, and prevalent heart failure (in analyses of

stroke and death).
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Table 3. Secondary Atrial Fibrillation Precipitants in
Individuals at Risk for Recurrent Atrial Fibrillation

Recurrent Atrial
Secondary Fibrillation,
precipitant N n (%) HR (95% Cl)  PValue
Recent 118 56 (47) Referent -
cardiothoracic
surgery
Recent 69 44 (64) 1.97 0.002
noncardiothoracic (1.27-3.05)
surgery
Acute myocardial 56 36 (64) 2.16 0.002
infarction (1.33-3.50)
Acute infection 54 33(61) 1.64 0.05
(1.00-2.70)
Other 28 19 (68) 2.42 0.004
(1.32-4.43)
All precipitants, 207 132 (64) 1.99 <0.001
relative to (1.41-2.79)
cardiothoracic
surgery

Data were adjusted for age at initial atrial fibrillation, sex, cohort, year of first-
detected atrial fibrillation, current smoking status, height, weight, hypertension
treatment, systolic blood pressure, diastolic blood pressure, diabetes mellitus,
valvular heart disease, prevalent myocardial infarction, and prevalent heart
failure. Cl indicates confidence interval; and HR, hazard ratio.

AF recurrence may have been insensitive to asymptomatic
paroxysms of AF before the first-detected episode, thereby
resulting in misclassification of the first-detected AF date
and presence of secondary AF precipitants. Despite system-
atic routine Framingham Heart Study clinic visits and sys-
tematic review of all of the available intercurrent medical
charts and diagnostics, in the absence of continuous cardiac
rhythm monitoring we cannot exclude that subclinical AF
may have predated the AF detected at the time of the sec-
ondary precipitant. Similarly, asymptomatic paroxysms of
AF after the first episode*® may have been undetected and,
therefore, we may have underestimated the risk of AF recur-
rence. Increased vigilance may have led to differences in
ECG ascertainment between individuals with and without
secondary AF precipitants. However, the annual rate of ECGs
during follow-up was similar between those with and without

—— No secondary AF precipitant

Secondary Atrial Fibrillation in the Community

1653

secondary precipitants in our analysis. Detected AF episodes
include those that were represented in the medical chart and
therefore were likely considered of clinical relevance at the
time of the episode. We did not prospectively ascertain the
duration, severity, or symptomatic nature of the first-detected
AF event, which may potentially influence the likelihood of
detected AF recurrence.

We had limited precision to assess for differences in risks
of AF recurrence between specific secondary AF precipi-
tants. Although we studied AF-related morbidity, we recog-
nize that clinical events occurring after first-detected AF may
not have been causally related to AF. Residual confound-
ing may obscure associations between secondary precipi-
tants and morbidity. We acknowledge that some potentially
reversible precipitants were not represented in our analysis,
including AF occurring in the context of electrolyte abnor-
malities, exposure to other medications, or other factors. It
is not uncommon for older adults to have comorbidities, and
it may be difficult to distinguish the etiology of AF in the
setting of multiple comorbidities. The sample is composed
of middle-age to older adults predominantly of European
ancestry and our results therefore may not be generalizable
to younger individuals or those of other racial and ethnic
groups. Nevertheless, the age distribution of individuals with
AF in our sample is representative of AF occurring in the US
population.*3

In conclusion, in our community-based sample of individu-
als with first-detected AF, most had recurrent AF at some point
later in life. Nearly two-thirds of individuals with a seemingly
reversible precipitant associated with a first-detected AF epi-
sode had recurrence of the arrhythmia. Individuals with AF
associated with a potentially reversible cause had a lower risk
of heart failure but similar risks of stroke and mortality over
follow-up as compared with individuals without such pre-
cipitants. Increased vigilance appears warranted in patients
with AF occurring in the context of secondary precipitants
given the long-term likelihood of recurrence. Future studies
may help determine whether increased arrhythmia surveil-
lance or adherence to general AF management principles in
patients with seemingly reversible AF precipitants will reduce
morbidity.

A B = = Secondary AF precipitant C
1.0 4 Heart failure 1.0 1 Stroke 1.0 4 Mortality
g o084 8 o084 2 08+
o) [} 8 -
o5 kel =
52 5 S -
E;@ 0.6 .g% 0.6 £ 0.6 .z
= < ©
25 23 2
T2 04 TG 0.4 T 0.4
S = 3 d
€% S g E
3 024 e 3 0.2 —— O 0.2
0.0 T T T ] 0.0 T T T 1 0.0 T T T 1
0 2 5 10 15 0 2 5 10 15 0 2 5 10 15
Years of follow—up Years of follow-up Years of follow-up
No. at risk No. at risk No. at risk
Secondary AF precipitant Secondary AF precipitant Secondary AF precipitant
Absent 767 585 396 188 94 Absent 867 662 441 211 103 Absent 970 752 516 250 125
Present 340 246 164 85 39 Present 395 307 202 95 46 Present 439 336 229 109 55

Figure 2. Risk of long-term morbidity by presence or absence of secondary atrial fibrillation precipitants. Panels display the cumulative
risks of (A) incident heart failure, (B) incident stroke, and (C) mortality by secondary atrial fibrillation precipitants. In A and B, cumulative
incidence estimates were adjusted for the competing risk of death.
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CLINICAL PERSPECTIVE

There is widespread recognition that atrial fibrillation (AF) may recur episodically or be present in a sustained fashion after
a first-detected episode, yet there exists a prevailing assumption that AF may occur as an isolated event without recurrence,
particularly when an acute reversible or secondary precipitant is associated with the episode. We examined the risk of
recurrent AF and related morbidity among 1409 community-dwelling individuals from the Framingham Heart Study with
first-detected AF. Approximately one-third had a secondary precipitant of the arrhythmia, including surgery, infection, acute
myocardial infarction, thyrotoxicosis, acute alcohol consumption, acute pericardial disease, pulmonary embolism, or other
acute pulmonary disease. Despite being associated with a reduced risk of arrhythmia, nearly two-thirds of individuals with a
secondary precipitant had recurrent AF within 15 years. Those with secondary precipitants, as compared with those without,
had a 25% lower heart failure risk but similar stroke and mortality risks in follow-up. Our data suggest that AF occurring
in acute care settings is an indicator of increased future AF risk. Furthermore, our observations suggest that AF episodes,
irrespective of the precipitant, often serve as markers of elevated risk for long-term stroke and mortality. We submit that AF
occurring in the context of a secondary precipitant should not be dismissed and that increased vigilance is warranted given
the likelihood of arrhythmia recurrence. We advocate for systematic longitudinal examination of individuals with AF occur-
ring in the context of a secondary precipitant and assessment of measures to reduce morbidity from this arrhythmia in such
settings.




